Background: Subcutaneous methylnaltrexone (MNTX), dosed based on body weight, is efficacious and well tolerated in inducing bowel movements in patients with advanced illness and opioid-induced constipation (OIC); however, fixed-dose administration of MNTX may improve ease of administration. Objective: The study objective was to assess safety and efficacy of fixed-dose MNTX in two phase 4 trials. Methods: In a double-blind, randomized, placebo-controlled trial (RCT), patients with advanced illness and OIC received MNTX (8 mg or 12 mg by body weight [38 kg to < 62 kg or ‡ 62 kg, respectively]) or placebo every other day (QOD) for two weeks. Patients completing the RCT could enroll in an open-label extension (OLE) study with MNTX administered as needed (PRN). The primary endpoint was percentage of patients with a rescue-free bowel movement (RFBM) within four hours after ‡ 2 of the first 4 doses in the first week. Results: In the RCT, 116 and 114 patients received MNTX and placebo, respectively, and 149 patients continued to the OLE study. The percentage of patients achieving primary endpoint was 62.9% and 9.6% for MNTX and placebo groups, respectively ( p < 0.0001). Median time to RFBM after the first dose was 0.8 hour and 23.6 hours in MNTX and placebo groups, respectively ( p < 0.0001). Efficacy results during the OLE study were consistent with the RCT. MNTX demonstrated a favorable safety profile in the RCT and OLE study. Conclusion: Fixed-dose MNTX administered QOD in the RCT and PRN in the OLE study demonstrated robust efficacy and was well tolerated in treating OIC in patients with advanced illness.
Introduction
O pioids are often prescribed to treat moderate to severe pain and dyspnea in patients with advanced illness, and constipation is a common and often distressing adverse effect of chronic opioid therapy. 1 Opioid-induced constipation (OIC) is observed in up to 95% of patients with advanced illness taking long-term opioids. 2 Severe OIC may result in opioid dose reduction or limit up-titration, leading to inadequate pain control. 3 OIC can have a profound negative impact on patient quality of life and increase health care costs related to higher rates of hospital admissions, inpatient days, and emergency department visits. 4, 5 In most cases OIC is managed nonspecifically with stool softeners, osmotic agents, and stimulant laxatives. 6 However, these approaches are often insufficient and burdensome, and there is no evidence of their efficacy for OIC in controlled clinical trials. [6] [7] [8] In addition, these strategies do not target the underlying cause of OIC. Opioids cause OIC by inhibiting propulsive motor activity of the gastrointestinal tract, primarily via local l-opioid receptors in the plexus myentericus, the complex neural network of the gut. [9] [10] [11] Two strategies have been developed to specifically block local l-opioid receptor activation by opioids: (1) enteral use of centrally acting lopioid receptor antagonists with limited systemic absorption and (2) administration of peripherally restricted l-opioid receptor antagonists. [12] [13] [14] Centrally acting l-opioid receptor antagonists like naloxone and naltrexone can reverse OIC, but they may also negatively impact opioid analgesic effects because of their ability to cross the blood-brain barrier. However, peripherally restricted l-opioid receptor antagonists have limited access to the central nervous system and therefore relieve OIC without compromising the centrally mediated effects of opioid analgesia.
Methylnaltrexone (MNTX), a peripherally restricted lopioid receptor antagonist and derivative of naltrexone, has restricted ability to cross the blood-brain barrier and antagonizes the undesirable opioid effects on the gut, such as delaying gastric emptying 15 and prolonging oralfecal transit time. 16 The safety and efficacy of subcutaneous MNTX for inducing a bowel movement in patients with advanced illness and OIC and receiving palliative care have been evaluated in two double-blind, placebocontrolled, multicenter, phase 3 studies. 17, 18 These trials were performed using weight-based dosing of MNTX. Compared with weight-based dosing, fixed-dose administration of subcutaneous MNTX can simplify and improve ease of administration for patients and caregivers. Therefore, a randomized, placebo-controlled trial (RCT) and an open-label extension (OLE) study were conducted to determine the efficacy and safety of fixed-dose subcutaneous MNTX in patients with advanced illness and OIC in a variety of health care situations.
Methods
In the double-blind, multicenter, two-week RCT (study 4000; ClinicalTrials.gov identifier NCT00672477), patients were randomly assigned (1:1) to receive subcutaneous MNTX (8 mg or 12 mg based on body weight 38 kg to < 62 kg or ‡ 62 kg, respectively) or placebo administered every other day (QOD) in various clinical settings (e.g., inpatient, outpatient, acute care, long-term care, assisted living, home hospice, and skilled nursing facility). After a screening/baseline clinic visit, the treatment phase consisted of three scheduled visits: on day 1 (first dose), day 7 (dose three or four), and day 14 (or early termination). Patients treated with MNTX or placebo who completed the treatment phase of this study could enroll in an OLE study if they met eligibility criteria. Patients not enrolling in the OLE study had a follow-up visit 15 to 21 days after the last dose of the study drug. In the multicenter, 10-week OLE study (study 4001; ClinicalTrials.gov identifier NCT00672139), patients received MNTX based on body weight (8 mg or 12 mg for 38 kg to < 62 kg or ‡ 62 kg, respectively) on an as-needed basis (PRN), but no more than one dose per day. In the OLE study, the baseline visit was followed by treatment phase visits at week 4 and week 10 (or early discontinuation). Patients also had a follow-up visit 15 to 21 days after the administration of last dose of MNTX in the OLE study. The protocol was approved by institutional review boards and ethics committees, and all patients provided written informed consent.
Study population
Patients eligible for the RCT were ‡ 18 years of age with advanced illness (defined as a terminal illness [e.g., incurable cancer or other end-stage disease]), had a life expectancy of ‡ 1 month and OIC ( < 3 bowel movements in the last week and no bowel movement in 24 hours or no bowel movement in 48 hours), and were receiving stable doses of laxatives and opioids. Patients received opioids on a regular schedule for ‡ 2 weeks before the first dose of study drug, and a stable opioid regimen was defined as no reduction in opioid dose of ‡ 50% for ‡ 3 days prior to the first dose of study drug. Patients with any disease process suggestive of gastrointestinal obstruction or clinically significant active diverticular disease, fecal impaction, peritonitis, bowel surgery £ 10 days before dosing, or fecal ostomy, or with a body weight < 38 kg were excluded. A stable laxative regimen was required for each patient ‡ 3 days before the first dose of the study drug and a baseline regimen was continued during the two-week treatment period as appropriate. Patients in the OLE study had similar eligibility requirements as in the RCT, had completed the RCT, and had an anticipated need for treatment of OIC during the 10-week study duration. The baseline laxative regimen administered during the RCT was continued during the 10-week OLE study as necessary. Patients were allowed to use rescue medications or undergo manual disimpaction procedure if needed, but not within four hours before or four hours after receiving a dose of the study drug in both the RCT and OLE study. Prohibited medications in the RCT and OLE study included tegaserod, lubiprostone, opioid antagonists or partial antagonists, and combination opioid and opioid antagonist products.
Measures
Efficacy. Patients or their caregivers were provided diaries to record information daily on clinically notable bowel movements during the RCT and OLE study; the patients were to return their diaries to the study staff at each study visit. In the RCT, the primary efficacy endpoint was the percentage of patients with a rescue-free bowel movement (RFBM) within four hours after ‡ 2 of the first 4 doses (i.e., the first week of treatment). RFBM was defined as a bowel movement without use of any rescue medication or procedure within four hours before the bowel movement.
Secondary efficacy endpoints in the RCT included the percentage of patients with the first RFBM within four hours after the first dose, the percentage of patients with an RFBM within four hours after ‡ 4 of the maximum 7 doses, the number of bowel movements within 24 hours after dosing per week, the number of RFBMs within 24 hours after dosing per week, the percentage of patients using rescue laxatives, the time to first RFBM after the first dose of study drug, and the time to RFBM within 24 hours after each dose.
Efficacy endpoints in the OLE study were exploratory and included the number of bowel movements within 24 hours after dosing per week, the number of days with bowel movements within 24 hours of dosing per week, and the percentage of injections resulting in bowel movement within four hours of dosing. concomitant medications throughout the treatment phase (days 1 to 14) and during the follow-up period (days 15 to 29) in the RCT and throughout the 10-week OLE study. In the RCT, patients rated current pain and worst pain in the preceding four hours ( -30 minutes; on a scale of 0 [none] to 10 [worst possible pain]) at baseline, after first dose of study medication (day 1), and after the fourth dose of medication (generally on day 7).
Statistical analyses
Demographics and baseline disease characteristics were summarized using descriptive statistics. Enrollment of 127 patients in each treatment group (N = 254 patients) in the RCT was estimated to provide > 90% power to detect a ‡ 20% difference between the MNTX and placebo groups for the primary efficacy endpoint (a = 0.05; two-sided). In the RCT, primary and secondary efficacy endpoint analyses were conducted in the intent-to-treat population. Treatment groups were compared using a stratified Cochran-MantelHaenszel test, and baseline body weight ( < 62 kg versus ‡ 62 kg) was considered a major source of variability and was used as the stratification factor for all efficacy analyses in the RCT. The Fisher's exact test was used for primary efficacy endpoint comparisons of treatment groups based on baseline body weight ( £ 114 kg versus > 114 kg). For the time-to-event endpoints (e.g., time to first RFBM), distribution of the event times was estimated using the KaplanMeier method. The safety population in both the RCT and the OLE study included all patients who received ‡ 1 dose of the study drug.
Results

Patient disposition and demographics
In the RCT, of the 237 patients randomized, 230 patients received ‡ 1 dose of the study drug (116 and 114 patients in the MNTX and placebo groups, respectively; see Fig. 1 ). Of the 156 patients entering the OLE study from the RCT, 149 received ‡ 1 dose of MNTX. Demographic and baseline characteristics were generally similar between treatment groups in the RCT (see Table 1 ). In the MNTX group, approximately two-thirds of the patients had a body weight of ‡ 62 kg and were treated with MNTX 12 mg/day. Five patients in each treatment group weighed > 114 kg. The overall patient population (n = 230) in the RCT was well balanced between males and females, and the patients were predominantly white (93.9%) with a mean age of 65.5 years. In addition, the most common underlying advanced illness was cancer (66.1%), the median daily morphine equivalent dose was 176.8 mg/d, and the mean duration of OIC was 76.6 weeks. There were no notable differences in demographic and baseline characteristics between the MNTX and placebo groups.
In the OLE study, similar to the RCT, the patient population was well balanced between males (48.3%) and females (51.7%), and patients were predominantly white (92.6%) with a mean age of 65.9 years. Ninety-two (61.7%) of the 149 patients were treated with MNTX 12 mg/day, and 57 (38.3%) patients were treated with MNTX 8 mg/day. Similar to patients in the RCT, cancer was the most common underlying advanced illness (57.0%), and the median daily morphine equivalent dose was 157.0 mg/day. During the OLE study, { Seven patients were enrolled in the OLE study but did not receive any medication. the mean (SD) and median (range) number of total injections per patient equaled 13.0 (11.3) and 10 (1-47), respectively.
Efficacy
For the primary endpoint of the RCT, the percentage of patients who had an RFBM within four hours after ‡ 2 of the first 4 doses of study drug in the first week of treatment was 62.9% (95% confidence interval [CI], 53.5% to 71.7%) for the MNTX arm and 9.6% (95% CI, 4.9% to 16.6%) for the placebo arm ( p < 0.0001; see Fig. 2 ). Patient baseline weight ( < 62 kg versus ‡ 62 kg) did not affect the primary endpoint response of MNTX treatment compared with placebo (62.2% versus 7.3% for MNTX versus placebo in the < 62 kg group, compared with 63.4% versus 11.0% for MNTX versus placebo in the ‡ 62 kg group; p < 0.0001). Although there were few patients with a baseline body weight > 114 kg, the primary endpoint response for this group (60.0% versus 0% for MNTX [n = 5] versus placebo [n = 5]; p = 0.1667) was similar compared with that for patients with a baseline body weight Significant differences favoring MNTX were observed for all secondary efficacy endpoints measured in the RCT (see Table 2 ). The time to RFBM after the first dose in the RCT was rapid in the MNTX group, with a median time of 0.8 hour versus 23.6 hours for the placebo group ( p < 0.0001; see Fig. 3 ). The median time to first RFBM after the first dose was similar in both weight groups (0.8 hour versus 24.5 hours for MNTX versus placebo in the < 62 kg group compared with 0.8 hour versus 22.2 hours for MNTX versus placebo in the ‡ 62 kg group; p < 0.0001). In addition, median times to first RFBM within 24 hours after each dose were significantly shorter in patients in the MNTX group compared with patients in the placebo group ( p < 0.005 after the first, third, fourth, fifth, sixth, and seventh dose). Efficacy during the 10-week OLE study (see Table 3 ) was generally consistent with results from the two-week RCT.
Safety
In the RCT, the most common AEs in the MNTX group were abdominal pain and nausea (see Table 4 ). The most common AEs considered by the investigators to be possibly related to the study drug in the MNTX group were abdominal pain (28.4%), flatulence (6.0%), diarrhea (5.2%), and nausea (4.3%). The percentage of AEs that led to study discontinuation was 10.3% in the MNTX group and 6.1% in the placebo group. More serious AEs (SAEs) were reported in the placebo group (21.1% versus 12.1% in the MNTX group) with none of the SAEs considered related to the study drug by the investigator. Overall, there were 25 deaths in the RCT (11 and 14 in the MNTX and placebo groups, respectively); most deaths were attributed to underlying disease progression (9/11 and 13/14 deaths in the MNTX and placebo groups, respectively).
In the OLE study, the most common AEs ( > 10% of patients) were abdominal pain, peripheral edema, diarrhea, fall, nausea, confusional state, asthenia, and dyspnea (see Table  4 ). AEs considered by the investigators to be at least possibly related to the study drug occurred in 25.5% of patients in the OLE study; the most common (reported in ‡ 5 patients) were abdominal pain (15.4%), diarrhea (7.4%), and flatulence (3.4%). AEs leading to study discontinuation were observed in 6.0% of patients, and SAEs occurred in 39.6% of patients, including 41 (27.5%) deaths. Most of the deaths (37 of 41 [90%]) were attributed to the progression of the underlying 
FIG. 2.
RFBM within four hours after ‡ 2 of the first 4 doses of MNTX or placebo in the first week of treatment in the RCT. MNTX, methylnaltrexone; RCT, randomized, placebo-controlled trial; RFBM, rescue-free bowel movement.
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illness. None of the SAEs were considered study drug related by the investigator. Underlying disease progression was reported in 44 (29.5%) patients during the OLE study.
Patients in both RCT treatment groups had similar mean pain scores at baseline (4.0 in both groups) and showed minimal changes at day seven (3.5 and 3.8 for the MNTX and placebo groups, respectively). In the RCT, median opioid use during the study was comparable to baseline use for both the MNTX (180.0-164.6 mg morphine equivalents/day) and the placebo (160.8-127.1 mg morphine equivalents/day) groups. Median daily opioid use in the OLE study in morphine equivalent doses (121 mg/day) was comparable to baseline values at the start of the OLE study (157 mg/day).
Discussion
The safety and efficacy of subcutaneous MNTX in the treatment of OIC in patients with advanced illness in hospice and palliative care settings was demonstrated in two pivotal phase 3 trials; however, these trials used weight-based dosing of MNTX. 17, 18 Because administering weight-based MNTX may be confusing and tedious for patients and caregivers to draw a variable dose of medication, using fixed-dose MNTX may be beneficial in this fragile patient population. The study presented here describes results from two phase 4 trials evaluating the safety and efficacy of fixed-dose subcutaneous MNTX to treat OIC in patients with advanced illness. Using baseline weight as a basis for dose selection, the fixed dose used in this study (8 mg and 12 mg MNTX) resulted in a range of exposures that were similar to the range of exposures observed during a study of 0.15 mg/kg in healthy volunteers of varying weight. 19 In addition, the patients in these two trials were enrolled from a variety of health care settings, thereby providing safety and efficacy information on the use of fixed-dose MNTX in multiple health care situations.
Similar to the results from the phase 3 trials, 17, 18 fixed-dose MNTX administered QOD during the RCT demonstrated robust efficacy in treating OIC in patients with advanced illness. This patient population did not respond to a standard laxative regimen and continued to have OIC at baseline despite continued laxative use. Significantly superior efficacy was reported with MNTX compared with placebo for the primary and all secondary endpoints assessed in the RCT. The response to MNTX was rapid, with most patients achieving RFBMs within one hour of treatment. The benefit of shorter median times to RFBM with MNTX treatment compared with placebo persisted for all seven double-blind doses in the RCT. Patient baseline weight ( < 62 kg versus ‡ 62 kg) did not substantially affect the efficacy profile of MNTX versus placebo for the relief of OIC. Furthermore, the benefit of fixed doses of MNTX observed in the RCT was durable during the 10 weeks of the OLE study.
Fixed-dose MNTX demonstrated a favorable safety profile consistent with the approved labeling for this medication during this two-week RCT in patients with advanced illness. 20 The tolerability profile of MNTX was also favorable in the 10-week OLE study. Similar to what was observed in the pivotal phase three trials, 17, 18, 21 abdominal pain was the most common AE in patients treated with MNTX in both studies, which was mostly mild to moderate in intensity. Intentional initiative of propulsive peristalsis of the gut during normal bowel movement response induced by MNTX may be perceived as abdominal pain in some patients. SAEs were less common with MNTX than with placebo in this study. Consistent with previous studies in palliative care and noncancer pain, MNTX did not interfere with opioid-induced analgesia, 17, 18, 22 reinforcing the concept of a peripherally restricted action of MNTX.
A limitation of the study is that the efficacy of fixed-dose MNTX in patients weighing < 38 kg was not evaluated, because these patients were excluded from the trial. In addition, the RCT treatment phase was limited to a duration of two weeks, although data from the OLE study phase suggest that efficacy was maintained for a longer duration. In conclusion, subcutaneous fixed-dose MNTX administered QOD in the RCT and PRN in the OLE study demonstrated rapid and durable efficacy in the treatment of OIC in patients with advanced illness. The safety profile was favorable with no new safety issues identified with an MNTX dose of up to 12 mg/day for up to 12 weeks of treatment.
